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Abstract: Overpopulation and climate change are among the greatest challenges the world faces. 
Climate-smart agriculture (CSA) provides an adequate answer by aiming for higher productivity, 
resilience, as well as GHG emission reduction. As small-scale farms are the cornerstone of the agri-
cultural sector, especially in developing countries, their greater involvement in climate-related ac-
tions is essential. CSA practices seek a higher and more stable income sustainably. This systematic 
literature review aims to provide an overview of how CSA is realized on small-scale farms, what 
the major CSA practices applied are, and what factors motivate and hamper higher CSA adoption. 
Based on 30 selected articles, the major message of the literature is a case/site-specific approach due 
to the tremendous heterogeneity of small-scale farms. As agricultural production is characterized 
by high risks and low returns, small-scale farmers must consider the length of the payback period 
when they decide on any CSA practices. This is the reason smallholdings, who implement any CSA 
practices, must achieve economic benefits, otherwise, they need to be compensated for providing 
environmental benefits. Moreover, simpler methods with low labor intensity are often applied. Ac-
cess to the different financial instruments and inputs, knowledge/education/information, and land 
use security are the critical factors of the CSA adoption. Furthermore, it is worth mentioning that, 
unlike off-farm activities/incomes, full-time farming is a serious commitment that positively influ-
ences CSA adoption. 
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1. Introduction 
According to the latest available projection of the United Nations, the global popula-
tion is forecasted to grow to 9.7 billion by 2050 [1]. Producing enough food seems to be 
the greatest challenge of the agri-food industry. As the available agricultural land is lim-
ited, this requires enormous efficiency gains. Maximizing production with scarce re-
sources is a necessity and requires the substantial transformation of agriculture [2]. On 
the other hand, special attention should be paid to climate change, especially to the re-
duction of greenhouse gas (GHG) emissions. Its atmospheric concentration is projected to 
double by 2030, which causes a significant increase in global temperature [3]. This has 
serious implications for the agricultural sector all over the world. These initiatives inter-
relate in climate-smart agriculture (CSA), which, on the one hand, uses the latest techno-
logical achievements, while on the other hand, aims to mitigate climate change. The FAO 
defined climate-smart agriculture as “that sustainably increases productivity, resilience 
(adaptation), reduces/removes GHGs (mitigation), and enhances achievement of national 
food security and development goals” [4]. CSA has three main objectives/pillars in which 
site-specific efforts should be applied [5]: 
1. higher agricultural productivity and income in a sustainable way; 
2. higher (adapted and built) resilience to climate change; 
3. efforts towards GHG reduction. 
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The successful implementation of these objectives accomplishes the so-called "triple 
win" when the implementation of the different innovative practices results in higher 
yields, climate change mitigation, as well as lower GHG emissions [5]. Based on reviewing 
the relevant literature, Siedenburg et al. [6] concluded that CSA practices seem to be able 
to provide a solid win-win outcome in developing countries. 
It should also be noted that this is a complex system with embedded trade-offs be-
tween the 3 objectives [7,8]. Practically this means that e.g., a yield-focused measure can 
easily result in higher GHG emissions. Moreover, potential synergies and/or co-benefits 
may arise too, e.g., a climate-friendly measure contributes to the GHG emissions savings. 
These issues underline the importance of proper planning and careful implementation. 
CSA relies on a wide range of stakeholders (e.g., research and development partners, re-
sponsive governance systems, and supportive agricultural policy) and should be a long-
term initiative [9]. The site-specific characteristics (innovativeness and flexibility) of the 
CSA result in a higher resilience and lower food security risks, which is different from the 
normal business-as-usual approach [10]. 
CSA is not a completely new production method, rather a production philosophy. 
This relies on the already existing tools and devices of conventional agriculture, as well as 
on new and novel technologies. However, those new technologies will spread within the 
whole of agriculture as time goes on. Therefore, CSA is narrowly interpreted as either 
precision agriculture or smart agriculture. The difference lies in their approaches. Preci-
sion agriculture is a management approach that ultimately aims at input optimization 
[11], while smart agriculture aims to optimize the entire farming system [12,13]. Moreo-
ver, smart farming relies not only on farm-level data but also on other datasets/data 
sources (e.g., weather or market datasets), which makes it possible for comparison [14]. 
CSA is part of the smart agriculture category where, due to its threefold objectives, further 
(environmental) efforts are made beyond the farming system optimization. Figure 1 sum-
marizes the relationship between these systems/approaches. 
 
Figure 1. The simplified relationship of the different agricultural systems. 
The broad definition of CSA includes the integration of different farming/agronomic 
practices and systems, as well as the improvement of input use, such as seeds, pesticides, 
water, etc. [10,15]. Due to rapidly developing technology, there are many new CSA items 
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(e.g., detection), and robotics (e.g., harvesting or multi-robot systems) [16]. Novel machine 
learning, cloud, and big data-based computing should also be mentioned [17]. These items 
can further accelerate the speed and accuracy of data collecting and processing, and, there-
fore, provide more precise information and recommendations for the farmers. Different 
farming activities can also be carried out at a greater speed with high(er) accuracy, such 
as weeding and harvesting. 
Climate change directly impacts the whole agricultural sector, which can be either 
positive (e.g., agricultural production zones expand) or negative (e.g., more frequent nat-
ural disasters such as heat stress). The developing countries are particularly affected due 
to the higher share of agriculture in their national gross domestic product. In addition, 
they are typically more vulnerable to such changes compared to the developed countries 
[18]. 
Smallholder farms make up the cornerstone of the global food chain by providing 
food and income for the majority of the world’s poorest peoples [19]. The global share of 
small-scale farmers (<2 ha) is 84% and most of them are in developing countries [20]. 
Therefore, transforming them into a more productive, climate-resilient unit with reduced 
GHG emissions (CSA objectives) is essential. In this process, raising their climate aware-
ness is vital as that shapes their CSA adoptions [21]. At the farm level, the short-term 
benefits of CSA may outweigh its long-term promises [22]. Short-term benefits are partic-
ularly important for small-scale producers because they have no financial room for any 
doubtful maneuvers. As agriculture provides small profit margins along with high risks, 
smallholders opt for CSA practices that offer immediate benefits [23]. In general, small-
holdings need assurances, as well as financial support to implement any CSA practices 
that may affect them financially [22]. As a matter of the three pillars of CSA, this may 
result in a shift towards increased productivity (and income) at the expense of higher re-
silience and reduced GHG emissions (longer-term impacts). 
The FAO pointed out the importance of institutional and public financial support of 
the smallholdings in the CSA implementation as early as 2010 [4]. This reflects the fact 
that developing countries will be more affected where the majority of the farms are small-
holders. Supporting institutions, including extension services, proved to be essential in 
many countries, e.g., in Ghana [24], Italy [25], India [15], Mali [26], Nepal [27], Pakistan 
[28], and South Africa [29]. Partly contrary to this, Emerick et al. [30] found that traditional 
agricultural extension (farmer field day) can have a larger impact on the diffusion process 
than relying solely on the sharing of farmers’ knowledge. In addition to this, any success-
ful CSA implementation should be based on the commitments of the broad local stake-
holders [7]. Although their share is less than 20% of potential adopters, early adopters 
play a crucial role in the diffusion process [31], acting as information transmitters [32]. 
Regional, country-level cooperation and knowledge exchange are also important, espe-
cially in developing countries [33]. Chanda et al. [34] added more elements to this list. 
They argued for a broader perspective, i.e., CSA should go beyond the farm level and deal 
with inequality, unequal power relations, and injustice, especially in developing countries 
where smallholder farms dominate. Nevertheless, widespread adoption is hindered by 
the lack of evidence due to uncertainties, the need for model downscaling, and limited 
available information [10]. Some CSA practices may have unintended side effects, e.g., 
crop rotation itself resulted in reduced technical efficiency in Zambia, therefore, they 
should be combined with appropriate measures [35]. 
While the benefits of CSA have been well-analyzed and are obvious, one should not 
forget about its drawbacks. Doshi et al. [36] highlighted some important issues that farm-
ers should be aware of. These issues can be unstable and slow Internet; potential sensor 
errors that may go over the whole production chain; and inadequate skills and knowledge 
for a smooth operation. The potential conflicts between the different CSA elements should 
also be mentioned, e.g., higher productivity often causes higher GHG emissions [37]. 
Timely access to different inputs (e.g., seeds, fertilizer, etc.) can be a problem as well [10]. 
When the implementation of CSA requires investments into technologies (e.g., sensors, 
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smart devices), a lack of financial resources and/or access to them could make adoption 
impossible. Technology providers may create issues and difficulties for CSA adopters 
[18]. These issues may escalate in developing countries. However, it is worth emphasizing 
that there are cheap, or even free, CSA elements, such as changes in intercropping, plant-
ing dates, and/or the use of more tolerant crop varieties [4]. Moreover, Payments for En-
vironmental Services (PES) provide an alternative solution by covering the initial costs of 
the implementation of CSA practices [38]. This is particularly important for the poorest 
farmers because they will suffer the highest economic impacts of climate change [39]. In 
addition to the potential financial issues, the lack of available labor can also be a problem. 
Many CSA elements require higher labor intensity, such as the different irrigation systems 
[40,41], different elements of conservation agriculture [42,43], and bench terracing [44]. 
CSA is often accompanied by sustainable intensification (SI). SI means a more inten-
sive production in a more sustainable way. Campbell et al. [9] highlighted their comple-
mentarity due to their many common elements, such as diversification. They provided 
examples to demonstrate the importance of SI in CSA, such as banana-coffee intercrop-
ping or livestock diet intensification through agroforestry. But the same rule applies to 
CSA-SI than to CSA itself: spatial variation always should be taken into account and im-
plementation should be targeted [45]. CSA has a global aim that requires local actions. 
Another corresponding line that is often associated with CSA is conservation agriculture 
(CA). This is based on three basic principles: the lowest possible soil disturbance, perma-
nent organic cover, and crop diversification [46]. These principles highly overlap with the 
pillars of CSA. Therefore, one may say that CSA includes CA [43]. Figure 2 illustrates the 
relationship between these systems. 
 
Figure 2. Relationship of the CSA, SI, and CA. 
Giller et al. [47] pointed out that CA cannot be easily applied by small-scale farmers 
due to their limited financial resources to invest in herbicides and mechanization. In gen-
eral, smallholdings have limited options. As Harris and Orr [48] illustrated, one of their 
potential paths from poverty is land acquisition, which is still feasible in some parts of 
Africa but much less in South Asia, and commercialization; otherwise they need to leave 
the agricultural sector. They also emphasized that the anticipated returns from technolog-
ical improvements are too small to solve their poverty problems due to their small land 
size. 
This article aims to discover how CSA can be implemented on small-scale farms, and 
what the benefits of this system are at the farm level. What are the motivating factors, as 
well as major constraints of adoption? The paper is structured in the following way. The 
next section describes the materials and methods used for the article selection process. 
The third section provides the results of the systematically reviewed articles. The final 
section contains a discussion and conclusions. 
CSA
CASI
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2. Materials and Methods 
The research method applied in this article is a systematic literature review. For the 
article selection, the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) method was applied, which contains 4 stages: identification, screening, 
eligibility, and included [49]. Articles were searched in the following databases: Sci-
enceDirect, Scopus, and Web of Science. Additionally, Google Scholar was searched. Cli-
mate-smart (with and without a hyphen between climate and smart) agriculture and 
small-scale farm were applied as keywords with the Boolean operator "AND" between 
them. These keywords need to have been part of the articles' title, keywords, or abstract 
in the case of the databases (ScienceDirect, Scopus, and Web of Science). As there is no 
such option in Google Scholar, items on the first 10 pages ranked by relevance were re-
viewed. Moreover, only English scientific and review articles were screened. 
In decreasing order, 29 potential articles were identified in the Web of Science data-
base, 16 in the Scopus database, and 7 in the ScienceDirect database. Google Scholar pro-
vided most of the related items, however, it is not possible to automatically sort scientific 
and review articles out of them. Therefore, a manual selection was applied to the 100 items 
on the first 10 pages. During this process, books, book chapters, working papers, confer-
ence proceedings, and newspaper articles were excluded. This resulted in 70 additional 
articles. 
At the identification phase, 52 + 70 items were identified. This was followed by 
screening when duplications were removed. This resulted in 97 identified articles. Then 
the abstracts of these articles were reviewed and it was verified whether or not they dealt 
with the smart agriculture–small-scale farm nexus. After removing the non-relevant 
items, 43 articles were saved for the detailed analysis. Most of the excluded articles dealt 
with purely technology, methodological, and climate-smart issues. However, it should be 
noted that the topic of these articles partly overlapped, i.e., they analyzed more than one 
issue. Their common point was that the excluded articles negligibly dealt with smart ag-
riculture–small-scale farm nexus. Finally, the systematic literature review relied on 30 ar-
ticles. At the eligibility level, 123 articles were sorted out due to their different focus from 
the desired topic, i.e., they were experimental studies or provided a theoretical frame-
work. Figure 3 summarizes the steps of the literature selection process. 
The composition of the thoroughly analyzed articles is very diverse, the selected 30 
articles were published in 25 different journals. As a matter of their publication years, the 
earliest was published in 2012, which can be explained by the relatively short official his-
tory of the CSA concept. The most frequent year was 2018 when one-third of the total 
articles were published (Figure 4). 
Regarding the geographical coverage of the included articles, 4 articles have global, 
10 articles have regional, and 16 articles have country-level coverage. It should be high-
lighted that only 1 article had a broader coverage (low- and middle-income countries), all 
the other regional articles analyzed some of the African countries. At the country level, 8 
articles dealt with African countries, 5 with Asian countries, 2 with a South American 
country, and there was 1 European country among them. Although climate change and 
GHG emissions are global problems, developing countries, especially in Africa, are more 
impacted and/or have fewer financial resources to fight against them. This is reflected in 
their high representation. Nevertheless, it should always be kept in mind that the climate-
related changes have global impacts, they do not stop at the country's borders. In addition 
to developing countries, Australia, the Southern part of Europe (the Mediterranean), and 
the Southwest part of the USA are also particularly exposed to these changes. 
  




Figure 3. Flowchart of the literature selection process. 
 
Figure 4. Yearly distribution of the included articles. 
3. Results 
Due to a large number of small-scale farms, even a small, climate-smart step would 
have an enormous global impact. Martinez-Baron et al. [50] highlighted that small-scale 
farmers play an important role in keeping global warming under 1.5 °C. Based on the 
analyzed articles, however, it becomes clear that purely environmental aims cannot be the 
driving factors of CSA implementation at small-scale farms. As farming is often the main, 
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or even only, income source of the household, implemented CSA elements should con-
tribute to their higher production and income. Therefore, different policy incentives play 
a crucial role in achieving a better environmental performance of the smallholdings. 
The heterogeneity of the small-scale agricultural sector in Sub-Saharan Africa (SSA) 
was a strong theme in the analyzed studies, which can be generalized at the global level. 
Adhikari [27] added that even a geographically similar region requires heterogeneous ad-
aptation measures. Therefore, any CSA implementation should start with acknowledging 
this [51]. This also implies a case/site-specific approach rather than a general one, and 
stakeholders should be aware of this [44,52,53]. Taking this into account requires targeted 
agricultural policies. In addition to this, it seems that the integrated and combined CSA 
adoption strategies provide higher benefits [43,54], therefore, agricultural policies should 
encourage them more. 
According to its objectives, CSA is linked to higher productivity (along with technol-
ogy) and better environmental performance (climate change mitigation and GHG emis-
sion reduction). From a practical point of view, the different influencing factors of CSA 
adoption are also important. These three themes were planned to organize the selected 
articles. However, environmental drivers did not show up solely in any articles. There-
fore, instead of having an environmental-focused sub-section, a CSA sub-section combin-
ing economic and environmental factors was used. This contains articles with twofold 
(economic and environmental) objectives. 
3.1. Productivity/Technology Related CSA 
Zougmoré et al. [55] analyzed the opportunities of CSA in the SSA countries. They 
highlighted resilient cultivars, better water management, agroforestry, insurances, and 
climate information services. They are in accordance with Abegunde et al.’s [52] results 
who identified “conservation agriculture, agroforestry, integrated crop-livestock manage-
ment, mulching, intercropping, crop rotation, an improvement on water management, 
and development on grazing” as the most commonly used practices in the region. Zoug-
moré et al. [56] examined the potential CSA practices in the livestock, fishery, and crop 
sectors of West Africa. The major problems of the region are high climate risks, e.g., 
droughts, bush fires, floods, and new diseases. They collected several adaptation options 
for each subsector. In the case of livestock systems, mixed production with crops, intensi-
fication, improved feeding methods, shift to smaller ruminants, or even moving out of 
agriculture could be a possible option. At the fisheries, more efficient equipment (e.g., 
vessel) and technologies (e.g., bulk sea freight), and more local selling are advised. Finally, 
there are CSA practices available for the crop sector from CA, agroforestry, different water 
conservation/management technologies, and higher input efficiency to more tolerant va-
rieties. Moreover, climate information services are getting more important. It is worth 
mentioning that drought is the major constrain of the smallholders’ production in Mol-
dova too, but 82% of the analyzed farms do not use any CSA practices, they do not even 
apply crop rotation [57]. 
Arslan et al. [58] examined different CSA practices in Zambia. While minimum soil 
disturbance and crop rotation had no significant impact, legume intercropping increased 
maize yields. The authors emphasized that timely access to fertilizers has one of the most 
important positive impacts on maize yields. Therefore, any delays may result in future 
losses. The smallholders’ access to fertilizers is generally cumbersome, which makes their 
situation even worse. Improving access to fertilizers should be a suggested path for the 
Zambian policy to achieve higher food security. 
Among many other questions, McKune et al. [59] surveyed 71 randomly selected 
households in Kenya and Senegal about their CSA practices. At the country level, Kenyan 
smallholders adopted more CSA practices than their Senegalese counterparts. The most 
beneficial elements were manure management, intercropping, and crop management. Ac-
cording to some other studies [60,61], they have not found a significant difference between 
the CSA adopters and non-adopters in terms of food security. Abegunde et al. [29] found 
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that organic manure, crop rotation, and crop diversification were the most frequently used 
practices in South Africa. Makate et al. [51] write that drought-tolerant maize and different 
elements of integrated soil fertility management were used (e.g., different conservation 
methods and fertilizers) in the Southern African countries. Being a feasible and cost-effec-
tive practice, crop diversification was the most common practice. 
Hasan et al. [60] analyzed how CSA adoption impacts coastal farmers’ food security 
in Bangladesh. Out of the 17 outlined practices, farmers applied 7 on average, where urea 
deep placement, sorjan method, pheromone trap, and seed storage techniques were the 
most used. They experienced low adoption of the different cultivations and mulching. The 
number of applied CSA practices only weakly contributed to higher food security via the 
increased income of the households. By using the dataset of 269 randomly selected house-
holds, Lopez-Ridaura et al. [61] examined the impacts of CSA adoption in the form of CA 
in India. While rice-wheat intercropping has had no significant impact on smallholdings' 
food security, mixed small farms benefited the most from enhanced livestock production. 
They found maize-livestock mixed farming a potentially promising opportunity at a small 
scale. Ruales et al. [62] analyzed the CSA adoption of small-scale coconut farmers in the 
Philippines. The most frequently used practices are early harvesting and weather fore-
casting. They are related to the high occurrence of different natural disasters, such as ty-
phoons. Despite the high profitability, coconut-banana intercropping is rarely applied. 
The possible reasons for this include the need for an initial investment and the relatively 
long payback period (4 years). This applies exponentially to the higher “typhoon-tolerant” 
coconut varieties. 
Sain et al. [23] examined the CSA adoption among the small-scale maize and beans 
producers in Guatemala. By applying a cost-benefit analysis, they analyzed conservation 
tillage with mulch, agroforestry systems with hedgerows, crop rotation (maize/bean), con-
tour ditches, stone barriers, water reservoirs/ponds + drip irrigation, heat and water 
stress-tolerant maize variety, and pest- and disease-tolerant bean variety in the order of 
their application frequency. They calculated different profitability indicators and found 
that the least applied practices have a high financial return and the lowest payback period 
(maize and bean varieties with higher tolerance). The two most popular practices also had 
positive financial outcomes, but their payback period is more than 8 years long. This high-
lights the importance of more complex analysis, e.g., considering non-financial issues such 
as adoption risks, labor intensity, and ecosystem services. Hellin and Fisher [42] pointed 
out that sometimes off-farm activities and income could be the only option for the small-
holdings in the Western Highlands in Guatemala. Regarding CSA adoption, small plots 
make it almost impossible to use different cross-slope soil conservation technologies (e.g., 
barriers or walls) because that would further limit production. Labor shortages may also 
result in the inclusion of certain CSA practices, e.g., field burning is easier than applying 
conservation agriculture. 
Although the basic principles of CSA are clear, Alexander [63] raised two, CSA-re-
lated controversial issues: genetic engineering and artificial fertilizer. According to her 
research, the CSA approach does not regulate any of them explicitly, rather delegates the 
decision-making at the local level. However, CSA is often linked to (smart) technology 
which may be a threat to the potentially less educated and/or less skilled smallholders. 
Moreover, Totin et al. [64] highlighted the need for complex CSA interventions as purely 
technology-focused ones may not be appropriate to achieve sustainable agricultural trans-
formation. 
3.2. Combining Economic and Environmental CSA 
Mutenje et al. [54] applied a cost-benefit analysis to evaluate the different CSA prac-
tices (improved maize varieties, soil and water conservation, and cereal-legume diversifi-
cation) in Malawi, Mozambique, and Zambia. One of their most remarkable results was 
that the combination of the different CSA practices resulted in the highest economic and 
environmental benefits for the small-scale farms. In general, diversification provides the 
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highest benefits from both economic and climate aspects in terms of financial returns and 
mitigation. Branca et al. [43] analyzed the potential benefits of CSA on the smallholdings 
in Malawi and Zambia. They found that minimum soil disturbance (MSD) as a CSA prac-
tice resulted in a higher income than tillage-based farming in the case of maize cropping. 
Although this method has higher production costs (e.g., better inputs, and higher labor 
intensity), the increase in revenues due to the much higher yields offset that. Combining 
MSD with other CSA practices has produced positive outcomes too. They also highlighted 
the importance of accessibility and affordability of the different inputs (herbicides, ferti-
lizers, and seeds) for small-scale farms. 
Abegunde et al. [22] examined farmers’ perception of technical, economic, and envi-
ronmental compatibility of CSA practices among the South African small-scale farms 
(farm size ≤ 5 ha). According to their combined analyses, the use of organic manure and 
crop rotation turned out to be the most popular CSA practices (Table 1) based on the Ac-
ceptance Level Index (ALI), which is a composite score index based on 327 farmers’ re-
sponses on CSA acceptance (acceptable = 2, neutral = 1, and not acceptable = 0). The au-
thors pointed out the conformity of these items with the farmers’ cultural values or gender 
norms as a potential explanation. Besides, these practices are inexpensive to implement 
and they are part of the farmers’ production routines, such as crop rotation. Regarding 
the least accepted CSA practices, the situation is diverse as the list of items in the different 
dimensions hardly overlap, only agroforestry showed up twice. These are highly corre-
lated with the small farm sizes, as most of them make no sense or would be challenging 
to adopt on small plots. These findings provided relevant practical implications for shap-
ing the CSA-supportive policies. 
Table 1. Farmers’ perception on the acceptance of the compatibility dimensions of the different 
CSA practices (Author’s composition based on [22]). 
 The 3 Highest Accepted CSA Practices The 3 Lowest Accepted CSA Practices 
Technicality 
use of organic manure (545), planting of 
cover crops (533), crop rotation (529) 
soil conservation (423), agroforestry (430), 
conservation agriculture (432) 
Economics of use 
use of organic manure (542), mulching (541), 
crop rotation (515) 
planting of drought- and heat-tolerant crops 




use of organic manure (524), crop rotation 
(504), soil conservation (503) 
efficient manure management (436), use of 
wetlands (445), crop diversification (462) 
Note: the values of the ALI are in parentheses. 
According to Nyasimi et al. [44], on-farm diversification (different crop varieties, 
mixed farming, etc.), especially for smallholdings, is very important not only from an eco-
nomic viewpoint but also from the risk mitigation aspect. They also pointed out that ade-
quate knowledge on climate risk management strategies is equally important with the use 
of CSA for the African small-scale farmers. As droughts seem to be the most severe prob-
lem in Malawi, CSA practices focus on the increased surface and sub-surface irrigation 
among the small-scale farms [41]. Zerssa et al. [65] listed the most commonly used CSA 
practices in Ethiopia: CA, integrated nutrient management, agroforestry, and water har-
vesting and irrigation. They provide multiple benefits such as higher productivity/in-
come, carbon sequestration/GHG emissions savings, and increased resilience, though to a 
different extent. 
Asia has different conditions compared to Africa; therefore, CSA is expressed in 
partly different ways, for example, unlike Abegunde et al. [22], Adhikari [27] found crop 
diversification that aims to use fewer water-demanding crops, and agroforestry practices 
effective among the mid-hill farmers in Nepal. 
Siedenburg et al. [6] argued for sustainable land management practices that provide 
multiple advantages at the small-scale farming level. These practices result in higher 
productivity, as well as better environmental performance. 
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3.3. Influencing Factors of CSA Adoption 
Based on a systematic literature review, Acevedo et al. [66] investigated the determi-
nants of the adoption of climate-resilient crops in low- and middle-income countries. Ac-
cording to their results, these determinants vary greatly in the different regions. In East 
Asia and the Pacific, the focus of the related literature was equally on extension/aware-
ness/information, experience and skills, and education. In Latin America and the Carib-
bean, as well as the Middle East and North Africa, education was analyzed the most. Farm 
inputs (seeds, fertilizer), social status of households, and education were in the center of 
the majority of articles dealing with South Asia, while extension/awareness/information, 
farm inputs, social status of households, and experience and skills dominated the studies 
on SSA. Regarding climate-resilient crops, modified planting activities (32%), irrigation 
and water management (32%), and new variety planted (24%) were the most frequent 
topics in the studies dealing with the potential climate mitigating options. Entirely in line 
with the major findings of the individual articles cited in the first section, the importance 
of extension programs, access to financial instruments, and community programs were 
the top suggestions of the 202 analyzed articles on how to improve the adoption of cli-
mate-resilient crops and crop varieties. 
Setshedi and Modirwa [53] interviewed 170 small-scale farmers (livestock, grain, and 
mixed) in South Africa. Farmers were selected by a random sampling technique and in-
formation was collected by a structured questionnaire. They found that the major barrier 
to CSA adoption is the lack of knowledge and information. Most of the rural farmers have 
a poor internet connection, they are less educated, and lack sufficient financial resources, 
therefore, targeted incentives, CSA policy, and knowledge transfers are essential. Based 
on a questionnaire filled up by 327 small-scale farming households (farm size below 4.5 
ha) in South Africa, Abegunde et al. [29] analyzed the determinants of the CSA uptake. 
By analyzing the impacts of the different variables on CSA adoption, “Perception of the 
effect of climate change” had the highest positive, while “The distance of farm to home-
stead” had the highest negative impact among the statistically significant variables. Most 
of the sample farms (56.6%) were medium adopters based on the number of CSA practices 
they applied. Unsurprisingly, off-farm incomes decreased further adoption of CSA prac-
tices. 
Based on the analysis of 601 interviews in different agro-ecological zones of Malawi, 
Mozambique, Zambia, and Zimbabwe, Makate et al. [51] demonstrated that farm size and 
financial circumstances play an important role in CSA adoption. Makate [67] emphasized 
the importance of cooperatives in the CSA adoption of the African small-scale farms by 
not only providing knowledge transfer but also resource pooling. Moreover, value chain 
development and/or better market access can significantly help them as well. Relying on 
a literature review, Makate [67] summarized the major success factors of CSA adoption: 
material benefits for farmers, peer learning and stakeholders’ support, low capital and 
workforce need, and access to key resources. Based on interviews with 312 randomly se-
lected household heads, Mango et al. [40] analyzed the adoption of the small-scale irriga-
tion system as a CSA practice. They found a strong positive connection between irrigation 
farming and agricultural income. This impact comes from at least two sources: higher and 
more stable production, and the opportunity of off-season production. Among the signif-
icant variables, having a reliable water source has the highest positive impact on their 
adoption in Southern Africa, followed by the awareness of conservation practices. If the 
household’s head has off-farm income from either formal employment or small-scale busi-
ness, the chances of adoption greatly decreased. It is generally accepted that full-time 
farming is a serious commitment that increases CSA adoption, especially because some 
practices, such as the use of an irrigation system, are labor-intensive. This is the case for 
Moldova too [57]. This may sound contradictory. In general, lack of financial resources is 
a significant barrier to CSA adoption; however, even an ample amount of financial re-
sources may decrease the chances of adoption if the money comes from formal employ-
ment outside of the agricultural sector. 
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There are various barriers to CSA adoption in Tanzania, such as high investment 
costs, knowledge intensity, high labor needs, and tenure and ownership rights, which 
widen the gap between awareness and adoption [44]. As Murray et al. [41] highlighted, 
expensive and labor-intensive CSA practices are less often adopted. Moreover, the intro-
duction of novel practices requires substantial knowledge transfer. Access to inputs and 
resources is key, as that may make the CSA adoption process harder even if financial re-
sources are available. A clear gender inequality is shown, as women smallholders not only 
suffer even more from the different adoption constraints but also do not always have the 
right to decide on CSA adoption. 
Zerssa et al. [65] identified many limiting factors in Ethiopia such as land scarcity 
exacerbated by tenure insecurity, knowledge intensity, access to credits along insufficient 
income generation potential. They also offered different options to increase CSA adoption: 
restoration of marginal lands, microfinancing, and knowledge transfer and sharing. All 
require strong policy support. Tsige et al. [68] identified the same constraints of CSA 
adoption in Ethiopia as the other analyzed studies: access to credits, lack of knowledge/in-
formation, land scarcity, and limited membership in cooperatives. Like Murray et al. [41], 
they also identified that these constraints are harder for the women-led small-scale farms 
(gender constraint). 
Shahzad and Abdulai [69] surveyed 540 farm households on the impacts of CSA 
adoption in Pakistan. To have an unbiased sample, they randomly selected villages from 
the three agroecological zones, and fifteen farmers from each of them. According to their 
results, being informed/trained and having access to credits are the strongest indicators 
of potential CSA adoption. They found that CSA practices significantly reduce food inse-
curity and poverty. Policies that are aiming for higher CSA adoption may contribute to 
the same results at the country level. This requires measures such as better access to cred-
its, education, extension services, and weather forecasts. They also highlighted that the 
aggregated small-scale level impacts are much higher than the same impacts on large-
scale farms. As recognized by Siedenburg et al. [6], smallholders “potentially have a com-
parative advantage in providing” mitigation services. 
According to Pilarova et al.’s [57] results, additional incomes (remittances) and soil 
productivity are the major levers of CSA adoption among the statistically significant var-
iables. Its major barriers are migration (via labor unavailability), lack of financial re-
sources, and irrigation problems. Unlike many country-level studies (e.g., in Ghana [24], 
Italy [25], India [15], Mali [26], Nepal [27], Pakistan [28], and South Africa [29]), they did 
not find a strong positive connection between the use of extension services and CSA adop-
tion, especially in the case of minimum and no-tillage. 
McKune et al. [59] stated that small-scale farmers’ knowledge and experience, their 
information about CSA practices came mostly from personal connections, such as family 
or extension services. Martinez-Baron et al. [50] emphasized that social networks and key 
actors play a crucial role in the CSA adoption process. This also points out the direction 
for global, as well as local level actions. Ruales et al. [62] highlighted the importance of 
knowledge transfer to achieve higher CSA adoption. Hasan et al. [60] emphasized that 
supporting further adoption of CSA is important, but not enough as other factors have an 
even higher impact on food security, such as education, pond size, and cattle ownership. 
Adhikari [27] highlighted that agricultural and non-agricultural adaptation are 
equally important. This contains financial support, off-farm income generation, main-
streaming climate adaptation, access to CSA-related information, governance and institu-
tions, and migration. Regarding the barriers to CSA adoption, farmers face natural limits 
(ecological and physical) due to the special environmental endowments; knowledge, tech-
nological and financial constraints; and social barriers (cognitive, normative, and institu-
tional). 
To overcome the general barriers of CSA adoption (potentially high investment cost, 
lack of skills, delayed benefits, uncertainties), Siedenburg et al. [6] proposed "farmer-
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friendly" incentives that have sufficient value, flexible use, and production-specific tim-
ing. They consider climate finance related to adaptation and mitigation a great oppor-
tunity for small-scale farmers. 
4. Discussion and Conclusions 
Overpopulation and climate change are among the greatest challenges the world 
faces. CSA provides an adequate answer by aiming for higher productivity, resilience, as 
well as GHG emission reduction. The majority of the farms are smallholdings, and their 
share is even larger in developing countries. Therefore, the importance of higher CSA 
adoption of small-scale farms cannot be overemphasized. For example, irrigation devel-
opment in the SSA could generate 14–22 billion USD revenues a year and provide a better 
life to 113–329 million rural people [70]. This is only one CSA practice applied and in only 
one region. 
The most important message of the 30 reviewed articles is the need for a case/site-
specific approach due to the tremendous heterogeneity of small-scale farms. This is not 
only a regional issue as these differences occur even within a smaller geographical area of 
a country. The same applies to the agricultural policies, i.e., they should be targeted and 
flexible enough to provide opportunities to these various smallholdings. Moreover, the 
high risks and low returns of agricultural production make the smallholdings' situation 
worse. Dealing with these problems, complex and integrated CSA interventions are 
needed [54,64]. 
However, we should recognize the fact that small-scale farmers will never be driven 
by solely environmental reasons because farming provides most, or even all, of their in-
come. Therefore, any implemented CSA elements should either contribute to their higher 
incomes or be supported by different policies. Due to the high share of small-scale farms, 
even a small climate/GHG-related step would have a strong positive global impact. 
Based on the systematically analyzed articles, major findings on the adoption factors, 
constraints, and potential solutions for the most frequently applied CSA practices at the 
small-scale level are summarized in Table 2. 
Table 2. Major characteristics of CSA adoption. 




formation, high costs-access to 
finance, labor-intensity 
education, extension services, 
farmer friendly incentives, microfi-
nancing, sorjan method 
[6,23,40,41,52,54–
57,60,65,66] 
improved, more tolerant 
varieties 
awareness, experience/skills, in-
formation, input accessibility 
education, extension services, se-





formation, high costs-access to 
finance 
education, extension services, pol-





ing (e.g., crops-livestock) 
awareness, experience/skills, in-
formation, 






education, extension services, pol-
icy incentives 
[23,27,52,55,56,65] 
crop rotation and diver-
sification 
experience/skills, information 






poor Internet, awareness and 
climate change perception 
access to weather forecasts, 
knowledge sharing 
[29,53,55,56,62,69] 
From a productivity aspect, better water management and crop rotation seem to be 
the most frequently used, as well as advised, CSA methods. Both can significantly reduce 
unforeseen weather-related problems. Connected to this, access to and the use of climate 
information services are becoming more important. They would also make the simplest 
CSA methods easier to implement, such as optimal sowing and early harvesting. Moreo-
ver, timely access to the different inputs may also have a significant impact on agricultural 
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production. However, sometimes off-farm activities are the only income sources for small-
scale farmers. 
Most of the CSA methods are both economically and environmentally beneficial, es-
pecially the combination of them. On-farm diversification is one of the most frequently 
used methods. However, these methods should be carefully adapted to the different cli-
matic and geographical conditions, as they may not work in the same way everywhere. 
Inexpensive and labor-extensive methods are more popular, although higher incomes of-
ten offset higher production costs of the other CSA elements. 
The common barriers of CSA adoption at the small-scale level are similar worldwide. 
They include the lack of education, skills, and knowledge; potentially high investment 
costs and delayed benefits; and uncertainties. Most of the constraints are often harder for 
women. It should be mentioned that sometimes the minimum requirement for farming is 
missing, the officially acknowledged land rights along with tenure security. Regarding 
smart farming, a fundamental requirement is having a stable and fast Internet. In general, 
off-farm income reduces the chances of CSA adoption. The analyzed literature provided 
solutions to these issues, like different forms of information sharing (education, extension 
services, knowledge sharing), financial instruments (microfinancing, different supports, 
farmer-friendly incentives), and finally, climate information services. 
In general, simpler methods with low labor intensity are more often applied, how-
ever, combining CSA practices provide higher benefits [43,54]. Nevertheless, the length of 
the payback period can be a limiting factor [23,62]. Another potential option is land acqui-
sition and/or the restoration of marginal lands [51,65], as land scarcity is one of the small-
holdings' major problems. In addition to this, tenure and/or ownership uncertainties often 
overshadow land-use security [44,65]. 
Full-time farming is a serious commitment that positively influences CSA adoption 
[40,57]. The potential effects of off-farm incomes/activities were also frequently analyzed. 
Generally, this negatively impacts CSA adoption [27,29,40]. Although off-farm incomes 
provide an additional financial resource, they take labor away from agricultural produc-
tion. It is clear that lack of financial resources is a significant barrier to CSA adoption, but 
financial security based on external resources may not necessarily lead to higher CSA 
adoption. In contrast, remittances may help to enhance agricultural production [57], 
and/or sometimes off-farm income is the only way to maintain farming activities [42]. 
Nevertheless, leaving the agricultural sector is also an option [27,56]. 
The major limitations of this study include the article selection method and the char-
acteristics of the databases/information sources used. Although the major information 
sources were searched (ScienceDirect, Scopus, Web of Science, and Google Scholar), the 
use of further datasets would enhance this analysis. This article also excludes detailed 
overviews of the CSA-related approaches and/or methods, as well as the deep technical 
details of this system such as data collecting and processing, different devices, etc. 
Regarding other potential directions, analyzing the challenges that farmers face with 
CSA use and its adoption in the developed countries (e.g., Australia, the Southern part of 
Europe, and the USA) would be interesting. There are huge differences among the coun-
tries in CSA adoption, it would be useful to analyze the reasons for this. Other, CSA-re-
lated approaches and/or methods can also be analyzed (SI, CA, PES, etc.). A policy-ori-
ented assessment would be of interest as well. Moreover, CSA adoption by large-scale 
farms and the various implications of this on smallholdings would also be an exciting 
topic. 
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